We have determined the sequence of the untranslated leader nucleotides of all five histone mRNAs from Strongylocentrotuspurpuratus by the dideoxy chain termination method. Total polysomal RNA from sea urchin embryos was used as a substrate for cDNA synthesis primed by specific DNA restriction fragments. Each of the primers was derived from the 5'-terminal part of the coding region for a different histone protein. The five histone mRNA leader sequences are different in length and primary structure. The 5' termini of all five histone mRNAs coincide with the unique heptanucleotide Py-Py-A-T-T-CPu in genomic DNA. This sequence, which defines the start of the individual histone mRNAs, is preceded by the A+T-rich octanucleotide identified in front of all eukaryotic structural genes where sequences have been determined to date.
In sea urchins, the genes coding for the five major histone proteins are contained in a 5-to 7-kilobase DNA segment (1, 2) that is tandemly repeated several hundredfold (3, 4) . The genes are separated by spacer segments of different length and are oriented in the same direction (2, (5) (6) (7) . Sequence analysis of histone DNA from two different sea urchin species has previously defined the protein coding regions and has shown them not to be interrupted by intervening sequences (8) (9) (10) (11) (12) .
Histone mRNAs each contain about 100 untranslated nucleotides (13, 14) distributed in an unknown manner between leader and trailer sequences within the mRNA. It is not clear whether the primary transcripts of sea urchin histone genes differ from the mature mRNAs. The location on the DNA of the termini of mature histone mRNAs would facilitate the assignment of possible functional significance to sequences on the DNA and RNA.
Comparison of the available DNA sequences preceding the coding regions of Strongylocentrotus purpuratus histone genes revealed a single common heptanucleotide sequence, 5' Py-C-A-T-T-C-Pu 3' (12) . Similarly, regions of homology can be found in the DNA following the termination codon (12, 15) . The presence of these homologies, coupled with the fact that for each gene the distance between them closely approximates the size of a mature mRNA, suggested to us that these sequences might define the 5' and 3' termini of the mRNAs. In fact, we have demonstrated that the 5' end of the H2B mRNA lies very near the common heptanucleotide (16) . In this report we show that the 5' termini of the other four histone mRNAs map within this same sequence.
MATERIALS AND METHODS Isolation of RNA. Polysomal RNA was extracted from early blastula S. purpuratus embryos as described (17) . Purified H2A and H3 histone mRNAs were obtained by hybridization of total polysomal RNA to excess pSpll7 DNA immobilized on cellulose as reported (18 (12) .
Procedures for the isolation of plasmid DNA as well as preparation of DNA fragments obtained by restriction endonuclease digestion have been described (7, 12, 16) . The DNA strands of the templates were separated as described (16, 19, 20) . A schematic map of the histone genes and illustration of template and primer sources is shown in Fig. 1 (22) (23) (24) (25) (26) (27) .
We have previously used this method to determine the 5'-terminal nucleotides of the H2B histone mRNA (16) . cDNA synthesis was primed with a short restriction fragment derived from the coding region of the H2B gene; the template was either purified H2B or total polysomal RNA. The resulting sequences were identical, thus demonstrating that purification of the template RNA is not necessary. The unique primer itself selects by hybridization the appropriate mRNA template. The H2B sequences derived from these RNA templates contained nonspecific breaks at several positions which made a correct nucleotide assignment difficult. During sequence analysis of the other histone mRNAs, we found that these breaks could be eliminated if formamide (which was originally included to favor RNA-DNA hybrid formation) was omitted from the hybridization mixtures. The sequencing procedure is now further simplified by the use of hybrids directly, without precipitation, as substrates for reverse transcriptase.
Using specific primers and total polysomal RNA, we analyzed the untranslated leader nucleotides of the mRNAs for histones HI, H2A, H3, and H4. The primer fragments we chose for Hi [24 respectively. The primer fragment for H4 (175 bp) contains 38 bases of the noncoding region. Each of these fragments was used to prime cDNA synthesis on total pplysomal RNA. The same fragments were also used to prime cDNA synthesis on singlestranded genomic DNA templates. Each of the DNA templates contains at least 200 nucleotides upstream from the respective initiation codon. The length and the location of the four DNA templates in relation to the primer fragments is shown in Fig. 1 .
Thus, the same primer was used for sequence determination, side by side, of mRNA and the homologous genomic DNA region. Originally (16) nation method confirm our published data (12) but for one nucleotide: thepublished H2A leader contained a single error, an additional (') at position -33.
Histone mRNA Leader Sequences. DNA restriction fragments (P in Fig. 1 ) were hybridized to their homologous mRNA templates in polysomal RNA to prime cDNA synthesis. Figs. 3-6 show sequencing gels which resolve the chain-terminated cDNAs extended on the primers for Hi, H2A, H3, and H4. Each shows sequences derived from the mRNA template (a panels) and from the single-stranded DNA template which contains the corresponding gene region (b panels). A relatively short part of the leader sequence was determined at the 5' terminus end of the H4 mRNA (Fig. 6a) . Primer fragments for HI, H2A, and H3 are located within the protein coding regions, and complete leader sequences were obtained for these mRNAs. (12) . This result further suggests that the cloned histone DNA is identical to the genes that are actively transcribed in vivo during early embryogenesis. Fig. 2 summarizes the leader sequences of the histone mRNAs and their bordering DNA regions. In agreement with the "scanning" hypothesis of Kozak (28) the leaders do not contain AUG trinucleotides in front of the AUG codon used for initiation of translation. It is apparent that all five mRNA leaders are very different in size and primary structure. However, projection of the RNA sequences on the homologous DNA regions reveals that all five mRNAs start within the sequence 5' Py-Py-A-T-T-C-Pu 3'. We believe that this particular sequence is located at or near the end of the RNA templates and is not merely a strong stop signal for reverse transcriptase because the same sequence is copied right through in the corresponding DNA templates (Figs. 3-6) . Moreover, the same sequence is contained within another RNA template, the redundant portion of Rous sarcoma virus (29, 30) (27) revealed that only the 5'-terminal and the penultimate nucleotide of the known cap structure cannot be identified on the sequencing gel. If a similar situation obtained for histone mRNA, then the 5'-terminal nucleotide of the histone mRNAs (with the exception of H2B mRNA) coincides with the A in the common heptanucleotide sequence. This conclusion is supported by the finding that the penultimate nucleotide in 76% of the cap structures of partially purified histone mRNAs from sea urchin embryos is adenine (31) .
We note that a similar heptanucleotide sequence, 5' N-C-A-N-T-Py-Pu T', is present at identical locations in front of the four sequenced histone genes of the sea urchin Psammechinus miliaris (11) . Furthermore, a similar nucleotide sequence, 5' N-C-Pu-T-T-Py-Pu 3', is also present in front of three histone genes in Drosophila melanogaster (32) . The presence of this sequence at analogous positions in histone gene repeats of such evolutionary divergent forms as insects and echinoderms argues strongly for some functional significance.
DNA Regions Preceding the Start of the mRNAs. Comparative analysis of DNA sequences preceding the protein coding regions of several eukaryotic genes has revealed the presence of a very A+T-rich nucleotide stretch (32) (33) (34) (35) (36) . It has been suggested that this particular sequence-similar to the "Pribnow box" (37)-might be related to transcription initiation because it maps close to the DNA region that codes for the mature mRNA terminus (33, 34) . Direct evidence that this A+T-rich sequence has functional significance, however, is still lacking. A similar or identical sequence is present in all five histone genes. As shown in Fig. 2 , the octanucleotide 5' T-A-T-A-A-A-_-A 3' is located 20-25 bases upstream from the 5' termini of the H2A, H2B, and H3 mRNAs. The H1 and H4 genes do not show this exact sequence but they do contain an A+T-rich nucleotide stretch at analogous positions. The assignment of a possible function to these sequences rests in part on their location relative to the termini of the primary transcripts, which are as yet unknown. Nevertheless, their presence in close proximity to the terminus of the mature mRNA suggests that they play some role in either transcription or the processing of the primary transcript.
